The phytogeographic patterns displayed by 2446 taxa of vascular plants, was analyzed in relation to regional abundances (designated as very common, common, rare, or very rare), in 13 geographic regions, native or introduced status, lifespan, life-form and preferred habitat for the flora of Egypt. More than 70% of the entire flora has been classified as either "very rare" (42.2%) or "rare" (28%). Only 3% of the flora are introduced species. Land use appears to have a critical effect on plant abundance; intensely populated areas in the Nile region have more common or very common species rather than rare and very rare. Annuals and perennials account for approximately equal fractions of the flora (47% each). The spectrum of life-forms is dominated by herbs (75%), Shrubs and shrublets are well-represented while trees are poorly represented (1.3%) in the flora of Egypt. Floristic diversity was high in the Mediterranean coastal regions and low in all desert areas. Frequency of abundance classes and life history traits varied according to the major habitats (weedy, sandy, saline, freshwater, rocky and gravely). Implications of these results for conservation policy are discussed.
Introduction
To some extent, rarity exists in the eye of beholder; judgments about rarity are often influenced by sometimes arbitrary limits of political boundaries. Thus a globally or regionally cosmopolitan species may be rare in one country and common in another, and be of no conservation interest in the latter but of much concern in the former.
It is well-recognized that plants may be rare in several ways. For example, they may occur only in rare habitats, or may be localized to a small geographic area, or they may have few individuals distributed across a large area. Rabinowitz et al. (1986) distinguished three traits that all species possess. 1) Geographic range: whether a species occurs over a broad area or whether it is endemic to a particular small area. 2) Habitat specificity: the degree to which a species occurs in a variety of habitats or is restricted to one or a few specialized sites. 3) Local population size: whether a species is found in large populations somewhere within its range or consistently has small populations wherever it is found. Gaston (1994) defined a rare species as one that has a restricted distribution, or that occurs at low densities. This recognizes a dependence on scale, and provides perspective largely based upon the individual autecology and biogeographic extent of a species. Some authors have separated aspects of regional and local rarity, creating designations such as locally abundant, local and rare, etc. (see Clapham et al., 1987) . Gaston (1994) made a strong case for abandoning a categorical approach to rarity and suggested that it should instead be viewed as a continuous variable. Unfortunately, however, the kind of distribution and abundance data that would be required to characterize the rarity of members of a flora in quantitative terms are not, so far, available.
A number of authors have correlated elements of plant biology with distributional status and rarity in regional floras (Harper, 1979; Hodgson 1986a, b, c, d; Kunin & Gaston, 1993; Schwartz, 1993; Gaston & Kunin, 1997; Kunin & Schmida, 1997; Médail & Verlaque, 1997; Orians, 1997) . In general, rare species are associated with specific (usually restricted) habitats; and often lack the ability to colonize successfully new habitats. They are also more likely to be inbreeders, and capable of clonal growth.
The habitats of an organism and its life history traits have an obvious relationship. I hypothesized that habitat-based associations and life history traits may directly determine the distribution of a species at a regional scale. It seems important to test the generality of such associations in the flora of Egypt.
Among the floras of the Middle East and the Mediterranean region, that of Egypt is comparatively well known. According to Zohary (1973) , the native flora of Egypt consists of about 1800 species, very unevenly distributed over the country. The highest density and diversity of species is found in the Mediterranean coastal region, the Nile valley, Gebel Elba, and the mountains of Sinai (see Fig. 1 ). However, in the country overall, the number of species in proportion to the surface area (total area is a little more than one million [1, 001, 450] km 2 (Abu Al-Izz, 1971 ) is exceedingly small, reflecting the fact that extensive areas are sparsely vegetated desert.
The present study examines ecological elements of the flora of Egypt, in relation to the regional distribution and abundance of species. I test the hypothesis that there are differences between rare and common species in terms of their habitat associations and life history traits
Materials and Methods

Egypt: a phytogeographic overview
Egypt extends over about 10 degrees of latitude from 22 o N to 32 o N, including about 1229 km from north to south and about 1073 km from east to west. The country lies mostly within the warm temperate zone, with less than a quarter being south of the Tropic of Cancer. It includes part of a vast desert belt that stretches from the Mediterranean across the whole of North Africa, eastwards to Arabia.
Egypt is characterized by a hot and almost rainless climate (mean annual rainfall over the whole country is only about 10 mm). Even along the narrow northern strip of the Mediterranean coastal land, where most of the precipitation occurs, average annual rainfall is usually less than 200 mm and the amount decreases very rapidly inland (Zahran & Willis, 1992) . Figure 1 Boulos (1995) shows the major topographical features of Egypt and the 13 phytogeographic regions recognized in the present study.
In part due to its ancient history, but also because of its geographic position in Africa, with the long coasts of the Mediterranean Sea to the north (c. 970 km) and the Red Sea to the east (c. 1100 km), Egypt has an extensive history of botanical exploration. Phytogeographically, the vegetation of Egypt belongs to the "northern zone of hot summers" (Hassib, 1951) , meaning that there is no real winter, though there may be some interruption of growth in January. Database I utilized the standard floras for Egypt (Täckholm, 1974 , Boulos, 1995 , 1999 -2005 to create an electronic database, tabulating for each taxon an array of variables including distribution and abundance, botanical features, and life history components. For each species the presence % and abundance in the different regions are used as a measure to define its rarity.
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-Abundance of each taxon (within Egypt as a whole and within each of 13 sub-regions) was ranked following the categories of Täckholm (1974 , Zahran and Willis 1992 and 2003 , Boulos, 1995 and Boulos, 1999 -2005 : very rare; rare; common; and very common. For certain calculations these were transformed to numerical scores of 1, 2, 3, and 4, respectively. -Life-form (tree, shrub, shrublet, herb, liana or parasite).
-Lifespan (annual, biennial, perennial, or combination of these) -Whether a species is native to Egypt or introduced, and if introduced, whether it has become naturalized or not.
-Distribution of each taxon in Egypt was recorded within each of 13 subregions according to (Täckholm, 1974) . Boulos (1995) .
Regional patterns in rarity …. 11) Red Sea coastal region. 12) Gebel Elba (total area c. 1200 km 2 ). Includes an extensive group of granitic mountains situated on the Sudanese border (Latitude 22 o N) close to the Red Sea. The richness of the vegetation compared to the rest of Egypt has made this one of the main phytogeographical regions (Hassib, 1951) . 13) Southern Sinai (total area c. 20,000 km 2 ). Plateau and mountainous region south of the El-Tih desert, including all of the Sinai Peninsula southward from Suez to Aqaba. (Total area of entire Peninsula = 61,000 km 2 ).
A.A. Khedr 6 For some analyses, the 13 sub-regions were consolidated (Boulos, 1995) into 7 regions, (see Fig. 1 )as follow.
A) The Nile Region (including sub-regions 1, 2, 3, above).
B) The Desert Regions (including sub-regions 7 -11, above) The Mediterranean Coast Region (including sub-regions 5, and 6, above). D) Oases (sub-region 4, above). E) Gebel Elba (sub-region 12, above). F) Southern Sinai (sub-region 13, above). The habitat in which a species is typically found was specified by Täckholm (1974) for 900 taxa in the Egyptian flora. These are categorized into six major habitats, in the six major geographical regions (A -F, above) as follow: 1. Weedy habitat: includes fields, gardens, ditches, along roads and in channels; 2. Salt; 3. Freshwater; 4. Sandy habitat: includes sand dunes, sand plains, maritime sand, seashore and sandy slopes of mountains; 5. Gravely habitat: includes gravely desert, stony places; and 6. Rocky habitat: consists of granitic and calcareous rocks, fissures, crevices, steep cliffs, and shady rocks.
Statistical analysis
Statistical analysis focused on comparisons between sub-regions and overall characteristics across Egypt. Chi-square tests were used to assess frequencies of abundance, origin, habitat, lifespan, and life-form classes of plant taxa by comparing the observed frequencies with those expected based upon overall patterns. Results are presented mainly as frequency distributions, plus results of Chi-square tests.
Regional diversity was calculated using an index of abundance (IA) for plant taxa in each sub-region. (IA= no. of sub-regions in which taxa occur x abundance value [1 = very rare, 2 = rare, 3 = common, 4 = very common]). Values for IA were log-transformed and used to calculate Shannon-Wiener diversity index (Pielou, 1975) . H`= ∑Pi ln Pi, where Pi =IA. In order to use a standardized estimate of floristic diversity for each sub-region and for major geographical regions in Egypt, the mean diversity value for each region (using all the species in a region) was divided by the area of the region.
Results
A total of 2088 species and some 2446 taxa are represented in the Egyptian flora (Table 1) . They are distributed in the following classes of Regional patterns in rarity …. 7 abundance. Very rare: 1031 species, 43%; Rare: 486 species, 29%; Common: 404 species, 17%; and Very common: 256 species, 11%. Patterns of regional distribution Floristic richness (both in terms of species number and the frequency of endemics) differed between regions. The highest numbers of endemic species were recorded in southern Sinai (34 species), the Isthmic Desert (15 A.A. Khedr 8 species), and the western Mediterranean coast region (13 species). Very few endemics occur elsewhere.
Values for the area standardized floristic diversity show an interesting pattern (in the different regions). Greatest values were recorded in Gebel Elba, the eastern and western Mediterranean coast, and Nile valley (3.7, 1.2, 0.75 and 0.5 x10 -3 respectively). The lowest value is recorded in the Western Desert (0.01 x10 -3 ).
Origin of the flora
Of the 2446 taxa in the Egyptian flora, only 84 (3.4%) are not native; 55% of these introduced species have become naturalized and 27% are regarded as 'casuals'. Despite the relatively low number of introduced species in the Egyptian flora overall, the Nile sub-regions (Delta and Valley) and the Oases have significantly more introduced species than expected based on values for the country as a whole (Table 2) . (Table 3) ; the Nile subregions, Oases and the western Mediterranean coast all had significantly Regional patterns in rarity …. 9 more annual taxa than expected. There is no significant difference between the observed number of annuals and perennials in Oases, Western Desert or Isthmic Desert regions, and the expected number based on the overall national pattern. The number of tree species was significantly higher than expected in five of the regions (Nile Valley, Oases, southern part of the Eastern Desert, the Red sea coast and Gebel Elba regions). The incidences of shrubs and shrublets were higher than expected in the Egyptian deserts. Herbs are more frequent than expected based on overall national values, in the Nile, Mediterranean and Oasis regions (Table 4) . Table 5 showed the results of Chi-square analysis for all of the major variables in each of the major regions of Egypt. Abundance frequencies differed significantly in the 13 geographical regions (X 2 =574, df =36, p<0.001). Abundance classes varied significantly vary within the Nile subregions (X 2 =54.2, df =6, p<0.001) and desert subregions (X 2 =68, df =12, p<0.001). There is no sig. variation among the Mediterranean sub-regions.
In comparing introduced vs. native status of species in the different subregions, only the Nile sub-regions differed significantly (X 2 =5.8, df =2, p<0.05). The frequency of plant life-form classes significantly differ among the desert sub-regions (X 2 =45.2, df =16, p<0.001) and (though with less marked difference) in the Nile sub-regions (X 2 = 15.1, df =8, p<0.05). The index floristic diversity in the main regions of Egypt is relatively high in the Mediterranean (0.39x10 -3 ) than in the desert region (0.01x10 -3 ).
Habitat patterns
Habitat details recorded for 900 species are analyzed in relation to their geographical range. The frequency of species of particular abundance classes associated with each habitat was shown in Table 6 . The weedy and sandy habitats were represented in all of the six major regions in Egypt. The pattern of abundance classes of weedy species significantly differ in four regions (and not significantly in the Nile and Gebel Elba regions). The abundance classes in the sandy habitat do not differ significantly in the desert or Gebel Elba regions. Salt habitat was represented in three major regions (Nile, Oases and Mediterranean coast) and the pattern of abundance classes there did not differ significantly. Freshwater habitat is represented only in the Nile region, with no significant variation in the abundance classes. Rocky and gravely substrates occur mainly in the desert and mountains. Table 7 shows that the different habitats which do not differ significantly in the frequency of native or introduced taxa across the six major regions in relation overall in each habitat. The only exception was for freshwater habitat in the Nile (X 2 =7.8, p<0.01), where a lower number of native species occur (11) than expected (38 species). Table 8 shows frequencies of annual and perennial species in different habitats in Egypt. Plant lifespans differed significantly in the weedy habitat in the Nile region (X 2 =166, p<0.001) and in sandy habitat in the Mediterranean coastal region (X 2 =12.3, p<0.001). Lifespan frequencies also significantly differ in the Salt habitats in the Oases and in the Mediterranean coastal region (p<0.05). Table 9 shows the frequency of species of different life-forms associated with each of the habitats in the different geographic regions in Egypt. The different life-forms in weedy habitat shows highly significant frequencies in all regions, while those associated with sandy habitat significantly differ only in Sinai. Plant life-forms associated with rocky habitat showed highly significant variation in the Desert, Gebel Elba, and Sinai regions.
Results of an overall Chi-square analysis showing the interaction between geographic region and species abundance, native-introduced status, length of the life cycle and plant life-form in the array of habitats were presented in Table 10 . Most of these factors significantly differ in the six major regions in Egypt. However, the native or introduced status of plant taxa do not differ significantly in the Nile and Oasis regions. Table 9 . Plant life form in the different habitats of Egyptian flora. *, ** or *** express the significant variation according to X 2 at p<0.05, 0.01 or 0.001 respectively.  Habitat included by less than 10% of the species in a region is omitted. 
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Discussion
Distribution and ecological features in the flora of Egypt
This study provides insight on the regional distribution of abundance and life history traits of species in the flora of Egypt. The strikingly high occurrence of rarity in the Egyptian flora (more than 70% of species are rare or very rare) is striking, and implies a need for immediate action to assess and conserve these species. The high percentage of native taxa (97%) in the flora underscores its uniqueness in general and, at least historically, suggests resistance to species invasions. This may be a result of past selection for drought resistance, both physiologically and in terms of plant life-forms and life history strategies (Khedr et al., 2002) . Greuter (1991) reviewed botanical diversity, endemism, rarity and extinction in the entire Mediterranean area. He concluded that the high diversity (c. 24,000 species of vascular plants in the region) does not result from high species density in particular local floras, but rather from an increased frequency of small areas, specially but not exclusively for endemic taxa. A high proportion of rare, local endemics (as compared to non-Mediterranean Europe) is characteristic of the overall Mediterranean region and accounts both for the richness and for the vulnerability of its flora. He related taxon numbers to land area and observed a significant linear correlation, with one general exception, namely that countries having large desert surface areas have disproportionately fewer species. The countries having the greatest deficits are in rank orders, Egypt, Libya, Algeria, Tunisia, and Palestine.
It is evident that both geographical position and extent of aridity reflect important effects both on species richness and the number of endemic taxa in a region. In North Africa generally, the western Mediterranean countries (the Magreb) are considered floristically richer both in terms of total number of species and of endemics, compared with eastern Mediterranean countries (Libya and Egypt) due to historical and geomorphological factors. Within Egypt, the highest number of species and endemics is recorded from the western Mediterranean coast and southern Sinai respectively. Habitat heterogeneity and relatively high annual rainfall would seem to be among the more important factors enabling increased species richness in the western Mediterranean coast. Furthermore, the position of the Sinai Peninsula, between the Asian and African landmasses, increases the chance of recruitment of species from different sources.
Species having a wide geographic range combined with restricted but high local population size are the most abundant category of rarity identified by Rabinowitz et al., (1986) in the flora of the British Isles. Such species should have abundances that directly reflect the abundance of their habitats. At the same time, several studies have found that species occurring over large geographic areas tend to have greater local abundances than do more restricted species (Gaston, 1994) . A simple explanation for this result is that species which exploit a wide range of resources become both widespread and locally abundant, whilst more specialized species may fail to do so (Brown, 1984) .
In Egypt, weedy species have wide geographical ranges across the six major geographic regions. These species have relatively localized abundances; their range of distribution significantly differ in four regions, but show no significant difference in the Nile and Gebel Elba regions. The second most common form of rarity in the Egyptian flora is the endemic: habitat specialists, having small ranges, existing in local populations. Such rarities have been the subject of study for decades (Cain, 1944; Stebbins & Major, 1965; Rabinowitz et al., 1986) . In Egypt, the number of endemic species is very low (71 species, 2.9% of total taxa), a figure far lower than observed in most other Mediterranean countries: e.g., Lebanon (311 species) and Israel (165 species) (Davis et al., [1994] ), Cyprus (171 species) (Alziar [1995] ) and Southern France (215 species) (Médail & Verlaque, [1997] ). More than sixty percent of endemics in Egypt are known from Sinai (Boulos, 1995) . The positive relationship between floristic richness and number of endemics noted by Stebbins & Major (1965) for California is not apparent in Egypt. The harsh environmental conditions and geological discontinuities, along with geographic isolation (mountains and rift valleys), may be more important determinants of endemism than floristic richness (Médail & Verlaque, 1997; Pueyo & Alados, 2007) .
It appears that habitat type plays an important role in the distribution pattern of Egyptian endemics; where most are associated with the rocky habitat types in Sinai. This trend supports the results of Stebbins (1980) , Major (1988) and Médail & Verlaque, (1997) , all of whom related the frequency presence of endemics to hard substrates such as granite, coarse sands, cliffs and eroded soils. The exclusion of endemics from productive habitats can probably be explained by their typically weak ecological flexibility and lower competitive ability (Kruckeberg & Rabinowitz, 1985) .
The low frequency of some plant life-forms in Egypt (e.g., trees constitute only 1.3% of total taxa), particularly in the Mediterranean coastal region may be due to the fragmented landscape and low annual rainfall in the country as whole. Hassib (1951 cited in Zohary 1973 ) described a coastal strip ranging in width from 25 to 33 km along the Mediterranean coast. However, the mean annual rainfall in this coastal belt does not exceed 200 mm, which tends to exclude the persistence of any arboreal Mediterranean vegetation, even there. The infrequent and unpredictable occurrence of annual rainfall in excess of 250 mm is not sufficient to support trees. Implications for conservation Freitag & van Jaarsveld (1997) have pointed out that, whereas scaleinvariant extinction risk has an important ecological and evolutionary basis, it does not directly address the practical realities of national and regional biodiversity conservation planning.
Plant species are disappearing at an alarming rate throughout the world, with 10% of recorded species classified as rare or endangered (Newton & Bodasing, 1994) . Egypt, with a flora comprising 70% rare species, requires immediate attention. The survival of rare species is further jeopardized by unscrupulous specialist collectors (Maggs et al., 1998) . Efforts should focus not only on in situ protection of rare species, but also on controlling their commercial exploitation (e.g., Maggs et al., 1998) . The degradation of plant communities through loss of diversity also has economic implications for land use. Tourism and sustainable conservation of pastoralism and agriculture form an important basis of human cultures. Effective assessment of conservation status will depend upon the co-ordinated collection of systematic and ecological data for the Egyptian vascular flora.
Major threats to floristic diversity in Egypt
Plant diversity is primarily threatened by rapidly increasing anthropogenic land use conversion. For example, conversion of land to agriculture without incorporating incentives for good environmental management has led to the destruction of many rare species. The current situation of the Egyptian vascular flora is more serious than had been anticipated. Although much earlier valuable floristic work has been undertaken in Egypt in the past, consistent and systematic survey and data analysis is required to guide future conservation management.
